Background: Platinum-based chemotherapy is the standard first-line treatment for patients with advanced pan-negative non-squamous (non-Sq) non-small cell lung cancer (NSCLC). However, it is unknown which chemotherapy regimen confers the greatest benefit in such patients. This study explored which chemotherapy regimens were advantageous in non-Sq NSCLC patients. Methods: A retrospective study was conducted on 114 patients with advanced non-Sq NSCLC using platinum-based chemotherapy in a first-line setting between January 2013 and December 2015. The study evaluated the most common first-line regimens including pemetrexed/platinum (PP), paclitaxel/carboplatin, gemcitabine/platinum, and vinorelbine/cisplatin. The primary endpoint was progression-free survival (PFS), and secondary endpoints were the objective response rate and disease control rate (DCR). Univariate and multivariate logistic analysis was carried out. Results: Sixty of the 114 patients were administered PP regimens and 54 nonpemetrexed plus platinum (NPP) regimens. The median PFS was significantly longer in the PP than in the NPP group (7.2 months, 95% confidence interval [CI] 5.3-9.1 vs. 4.9 months, 95% CI 3.2-6.6; P = 0.031). The DCR of the PP regimen was better than that of the NPP regimen (90.0% vs. 74.1%; P = 0.026). Smoking status was an independent predictor of PFS (hazard ratio 2.1, 95% CI 1.4-3.3; P = 0.001) in a final multivariate Cox regression model. Conclusions: A PP regimen tends to be more beneficial than an NPP regimen for patients with pan-negative advanced non-Sq NSCLC. Smoking status may be a valuable predictor for the selection of a chemotherapy regimen in such patients.
Introduction
Lung cancer is the leading cause of cancer-related mortality in the world. It was estimated that by the end of 2017 in the United States, approximately 222 500 new cases would be diagnosed, with an estimated 155 870 deaths resulting from lung cancer. The overall five-year survival rate for non-small cell lung cancer (NSCLC) was only 17.7% from 2006 to 2012. 1 However, after an alarming increase, lung cancer has become a great threat in China, with 530 800 new lung cancer cases and 460 300 deaths reported by the Chinese National Cancer Institute in 2013. 2 NSCLC accounts for 80-85% of all lung cancer cases. The frequency of adenocarcinoma has dramatically increased in Chinese men, from 28.7% in 2000-2004 to 48.6% in [2009] [2010] [2011] [2012] . Adenocarcinoma has also become the most predominant histological subtype of lung cancer in China. 3, 4 Recurrence or metastatic disease will inevitably develop in some early-stage patients after resection, while some patients diagnosed at advanced stage show pleural or pericardial effusion, or distant metastases, the outcomes of which remain very poor. In cases of advanced or metastatic disease, median progression-free survival (PFS) is 8-10 months and the one-year survival rate is only 30-40%. [5] [6] [7] [8] With the discovery of oncogenic driver mutations and the availability of molecular targeted therapies, the management paradigm for patients with advanced nonsquamous (non-Sq) NSCLC has dramatically changed in recent years. The Iressa (gefitinib) pan-Asia study (IPASS) study showed that in a mutation-positive subgroup, PFS was significantly longer in patients receiving gefitinib than in those treated with carboplatin-paclitaxel. 9 Targeted therapies based on genetic alterations are recommended as first-line standard treatment for advanced NSCLC if sensitive EGFR gene mutations or ALK gene rearrangements are detected. [10] [11] [12] [13] [14] Sensitizing EGFR mutations are found in approximately 10% of Caucasian patients with NSCLC and in up to 50% of Asian patients, 15 while the ALK arrangement rate is only about 5-7%. [16] [17] [18] In clinical practice, nearly 50% of patients without an EGFR mutation or ALK gene rearrangement require platinum-doublet chemotherapy. It is unclear, however, which chemotherapy regimens may benefit patients with pan-negative non-Sq NSCLC. Therefore, this study aimed to explore which chemotherapy regimen offered greater advantages for patients with advanced pan-negative nonSq NSCLC in clinical practice.
Methods Patients
We performed a retrospective study of 114 patients with pan-negative advanced non-Sq NSCLC (stages IIIB-IV) who received first-line platinum-based chemotherapy at the National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College (Beijing, China), between January 2013 and December 2015 (Fig 1) . All patients who met the following criteria were registered: aged ≥ 18 years; histologically or cytologically confirmed with unresectable stage IIIB-IV non-Sq NSCLC or recurrent disease after surgical resection; received platinum doublet chemotherapy as first-line treatment; and pan-negative cases: wild-type EGFR/KRAS confirmed by PCR or the absence of ALK rearrangement confirmed by fluorescence in situ hybridization or Ventana immunohistochemistry, with measurable target lesions documented by computed tomography (CT) images of the chest and abdomen, or magnetic resonance imaging (MRI), defined by Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1, and an Eastern Cooperative Oncology Group performance status (ECOG PS) of ≤ 2. Patients were excluded if they had previous received systemic anticancer treatment for stage IIIB-IV disease or underwent concurrent chemoradiotherapy. Smokers were defined as current or former smokers, while non-smokers referred to individuals who had smoked < 100 cigarettes in their lifetime. Data was collected from electronic medical records. As an observational study, informed patient consent was not required. The institutional review board approved study.
Chemotherapy regimens
Patients were stratified into two groups according to treatment regimens: pemetrexed/platinum (PP) and nonpemetrexed plus platinum (NPP) chemotherapy. The chemotherapy regimens were as follows: (i) pemetrexed 500 mg/m 2 
Outcomes
Disease was assessed at baseline and every two cycles after the first dose of study therapy for four or six cycles until radiographic progressive disease (PD) was determined by imaging examination, including a CT scan of the chest and abdomen or MRI of the brain. Scans were then taken at two-month intervals. Evaluations of the response included: complete response (CR), partial response (PR), stable disease (SD), or PD. Calculations of the objective response rate (ORR) included cases achieving CR and PR, while the disease control rate (DCR) included patients who achieved CR, PR, and SD. The primary endpoint was progressionfree survival (PFS), and secondary endpoints were ORR and DCR. PFS was calculated from the first day of treatment to the date of disease progression. OS was calculated from the date of diagnosis to the date of death from any cause. Patients who were still alive at the final follow-up (30 November 2016) were regarded as censored, and the duration between the first day of treatment and the final follow-up was included in the analysis.
Statistical analysis
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. Baseline characteristics were presented by applying descriptive statistics. The data were presented as percentages for dichotomous variables and analyzed using a chi-square test. The primary endpoint of PFS was analyzed using the Kaplan-Meier method; univariate analyses were performed using the log-rank test; and multivariable analysis using a Cox proportional hazard regression model. All statistical tests were two-tailed with P < 0.05 considered statistically significant. Variables included age, gender, smoking history, clinical stage, pathological and histological type, tumor differentiation, ECOG PS, and the CYFRA 21-1 value in blood before treatment. GraphPad Prism 6.0 (GraphPad, La Jolla, CA, USA) was used to present survival curves.
Results

Baseline characteristics
Of the 114 patients, 77 (67.5%) were men and 37 (32.5%) were women; the median age was 65 years (range 39-86); 110 patients (96.5%) had a good PS of 0-1; and 65 (57%) were smokers. Sixty patients were administered a PP chemotherapy and 54 an NPP chemotherapy regimen (a paclitaxel-containing regimen for 39 patients, a gemcitabine-containing regimen for 13 patients, and a vinorelbine-containing regimen for 2 patients). Baseline characteristics were well balanced between the two groups.
The characteristics of the 114 patients are displayed in Table 1 .
Efficacy analysis
At least four cycles of treatment were administered to 114 patients. In the PP group, a CR was achieved in one case, PR in 19, and SD in 34. In the NPP group, 14 patients were evaluated with a PR and 26 with SD. No statistical significance was found in the ORR between the groups (33.3% vs. 25.9%; P > 0.05). The DCR of the PP group was higher than in the NPP (90.0% in the PP vs. 74.1% in the NPP; P = 0.026). An efficacy analysis of platinum-based doublet chemotherapy is presented in Table 2 . The median PFS was significantly longer in patients treated with PP than NPP chemotherapy regimens (7.2 months [95% confidence interval, CI 5.3-9.1] vs. 4.9 months [95% CI 3.2-6.6]; P = 0.031), respectively (Fig 1) . Table 3) . Statistically significant variables in univariate analysis were entered into a Cox proportional hazard regression model. Multivariable analyses confirmed that smoking history and the CYFRA 21-1 level were valuable predictors of PFS of first-line platinum-based regimens in patients with pan-negative non-Sq NSCLC (Table 4 ). The PFS rates of non-smokers and current smokers with pan-negative non-Sq NSCLC on PP regimens were significantly different at 16.0 (95% CI 8.5-23.4 months) and 6.3 (95% CI 4.7-8.9) months, respectively (P = 0.001) (Fig 2) . In contrast, no statistical significance was observed in the PFS rate of non-smokers versus current smokers with pannegative non-Sq NSCLC on NPP regimens (5.9 months (Fig 2) .
Discussion
The most important progress in the field of advanced NSCLC is related to an improved understanding of the biology of NSCLC and the discovery of driver oncogenic mutations. Targeted therapies have been used as first-line treatment for patients with metastatic non-Sq NSCLC with a sensitizing EGFR mutation or ALK rearrangement, but were ineffective in a subgroup of patients without driver mutations. 12 Platinum-based chemotherapy is recommended as first-line treatment in patients with advanced non-Sq NSCLC, with or without an unknown EGFR mutation/ALK fusion gene arrangement, according to National Comprehensive Cancer Network (NCCN) guidelines. 8 However, in a previous study, real world evidence was lacking in a comparison of first-line treatment patterns routinely used for cases of pan-negative advanced non-Sq NSCLC. Furthermore, few reliable predictors regarding the selection of platinum-based chemotherapy regimens have been identified in patients with advanced NSCLC.
In our study, PP regimens displayed a better DCR than NPP (90.0% vs. 74.1%; P = 0.026) and a statistically improved PFS in patients with pan-negative advanced non-Sq NSCLC (median 7.2 vs. 4.9 months; P = 0.031), indicating that a PP chemotherapy regimen tends to be more beneficial. The JMDB study demonstrated that pemetrexed/cisplatin chemotherapy regimens showed a significant survival advantage in patients with adenocarcinomas (12.6 vs. 10.9 months; respectively). 8 Patients showed an increased survival benefit after they were stratified by histological type. Unfortunately, the EGFR mutation status of patients was generally unknown; as a noninferiority study, patients were not randomly assigned according to histological types but from a prespecified subset analysis. As such, the JMDB study was neither designed nor powered to answer this question. Thus, we cannot judge whether the benefit of PP chemotherapy regimens in adenocarcinoma cases are related to the presence or absence of an EGFR mutation. Our study analyzed EGFR mutation status and further confirmed the JMDB study results, concluding that PP chemotherapy regimens not only tend to have a survival advantage in adenocarcinoma cases, but might also be beneficial for pan-negative patients. Although the multivariable Cox proportional hazard model demonstrated that PP regimens are not significantly associated to outcome, this may be a result of the small sample size. In addition, 11 patients were treated with platinum doublet chemotherapy plus anti-angiogenic drugs (8 in the PP, 3 in the NPP group), and a significant difference in the use of anti- angiogenic drugs between the two groups was not observed (P = 0.160). The use of anti-angiogenic agents was slightly lower in both groups in our study, therefore the efficacy advantages of PP regimens are observed statistically. In addition, the IPASS study showed that the ORR using carboplatin-paclitaxel was only 23.5% in an EGFR mutation negative subgroup. 9 The ORR of first-line platinumbased chemotherapy in our study is similar to that of the EGFR-negative group in the IPASS study.
Another important finding in the current study was the relationship between smoking and survival. The median survival time for non-smokers was 16.0 months compared to 6.3 for current or former smokers treated with PP regimens. A statistical significance was not observed in PFS of non-smokers and current smokers treated with NPP regimens. Smoking status was a valuable predictor of a better response to first-line platinum-doublet chemotherapy in advanced pan-negative NSCLC patients in the clinic. Our data was consistent with that of Igawa et al. in which smoking status was used as a predictor for pemetrexed chemotherapy regimens in wild-type NSCLC patients. 19 A possible explanation for the relationship between smoking status and survival is the expression of thymidylate synthase (TS). A study by Huang et al. demonstrated that TS expression correlated with a history of smoking, and may be the result of oxidative damage to cells caused by smoking. 20 A previous study also revealed that TS expression in tumors was significantly higher in smokers than in non-smokers. 21 Furthermore, Giovannetti et al. found that the reduced activity of pemetrexed correlated with high TS expression. 22 Huang et al. revealed that DFS and OS in lung adenocarcinoma patients with high TS expression in tissues were significantly shorter compared to patients with low TS expression. 20 In summary, our study showed several improvements compared with the IPASS study. First, we analyzed the status of three common driver oncogenes in patients with advanced non-Sq NSCLC: EGFR and KRAS mutations, and ALK rearrangements. Second, we demonstrated that a simple clinical indicator may help guide patient selection and therapeutic optimization. For patients with advanced pannegative non-Sq NSCLC, our study adds to the accumulating evidence that a PP compared to a NPP regimen may be preferred in patients without a smoking history, and may be used as a simple clinical indicator. Several limitations of our study must be acknowledged. First, this is a single-center retrospective study and our sample size may have been inadequate. Second, the study began in 2013, when ROS1 rearrangement and BRAF gene detection were yet not recommended by NCCN guidelines. However, these were presumed to have little influence on the results because of the small proportion of patients included. Third, we did not test the TS expression levels of tumors and thus failed to gather information on the relationship between TS expression and smoking status. A large-scale prospective study is warranted in future.
Although NCCN guidelines recommend platinum-based first-line chemotherapy combined with anti-angiogenic drugs for patients with pan-negative NSCLC, for economic reasons, the use of anti-angiogenic drugs has not been widely accepted in China, thus limiting the therapeutic options for such patients in a clinical setting. With the development of comprehensive molecular profiling of NSCLC, increased driver mutations will continue to be revealed. We look forward to improving the survival benefit via new therapeutic targets and novel targeted drugs in such patients. Meanwhile, immunotherapies are innovative options for pan-negative NSCLC patients. Researchers continue to pursue reliable predictive biomarkers of immune-checkpoint inhibitors to deliver more precise diagnosis and customized treatment. New targets, novel targeted drugs, and immunotherapy will become increasingly interesting topics for the treatment of pan-negative NSCLC patients in the future.
